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© The physical properties of highly oxygen-per- 
meable continuous-wear contact lenses, comprising 
a copolymer of an organosilicone monomer, a 
fiuoroalkyl ester monomer and a hydrophilic mon- 
omer, are improved by the further addition of a linear 
polysiloxane oligomeric cross-linking agent with or 
without neopentylglycol dimethacrytate. 



CO 
< 



CM 



111 



Xerox Copy Centre 



^^/I Office 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 88300734.6 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to claim 



CLASSIFICATION Of THE 
APPLICATION (Int. Cl * ) 



P,X 



D, A 



US - A - 4 661 573 
(RATKOWSKI et al.) 

* Column 3, line 44 - column 
8, line 7; examples; claims 

US - A - 4 540 761 
( KAWAMURA et al.) 

* Examples; claims * 



1-4,7 
9,10, 
15 



1.15 



Th« pr**«n( s««rch raport has baan drawn up lor all claims 



C 08 F 220/22 
C 08 F 230/08 
G 02 B .1/04 
/(C 08 F 220/22| 
C 08 F 230:08) 
(C 08 F 230/08 
C 08 F 220:22) 



TECHNICAL FIELOS 
SEARCHED (Int. CM j 



C 08 F 220/00 
C 08 F 230/00 
G 02 B 



Place of March 

VIENNA 



Oate of completion of the search 

25-10-1989 



TENGLER 



O 

s 



o 
a 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



Description 

CONTINUOUS-WEAR LENSES HAVING IMPROVED PHYSICAL PROPERTIES 



BACK GROUND OF THE INVENTION 

This invention relates to hard contact lenses suitable for continuous wear, having high oxygen permeaoiniy 
and physical properties which provide improved suitability for manufacture and durability in used. 

Contact lenses presently on the market are classified into two large groups: soft contact lenses and hard 
contact lenses. Hard contact lenses correct a broader range of visual defects than soft contact lenses, but are 
less comfortable to wear. The art has sought to increase oxygen permeability of hard contact lenses, thereby 
extending the length of time they can be worn without causing corneal damage or discomfort. 

One proposed solution has been the formation of a copolymer of methyl methacrylate and a siioxane 
methacrylate compound. See U.S. Patents 4.139.692 and 4.235,985. This solution has been less than 
satisfactory, since the lenses offered are not as hard, rigid, nor wettable as lenses formed from polymethyl 
methacrylate. In addition, such lenses are fragile and have poor mechanical processability. 

Copending, commonly assigned U.S. Patent Application Serial No. 734.898. describes an oxygen-permeable 
hard contact lens suitable for continuous wear, formed by copolymerizing at least one organoalicone 
monomer and at least one hexafluoroisopropyl ester of an unsaturated carboxylic acid. A hydrophilic monomer 
such as methacrylic acid may be included for wettability. A crosslinking monomer such as the multifunctional 
organosilicon branched-chain monomer l.3-bis(v-methacryloxypropyl)-1.1.3.3-tetra(mmethy1siloxy) disilox- 
ane may also be included to control hardness. Other monomers may be added to adjust the physical 

properties of the lens. „ .. . , 

Copending, commonly assigned U.S. patent Application Serial No. 764.421. descnbes very highly 
oxygen-permeable hard contact lenses formed by copolymerizing a generically defined siioxane mono or 
poMunctional acrylate or methacrylate. at least one acryloxy or substituted acryloxy fluoroorgano monomer, 
at least one hydrophilic monomer, and at least one crosslinking agent to control hardness, a highly 
multifunctional organosilicon monomer being preferred as the crosslinking agent. 

U S Patent 4 433 125 describes an oxygen-permeable hard contact lens made of a copolymer comprising a 
silane or siioxane acrylate or methacrylate monomer and a fluoroalkyl acrylate or methacrylate monomer. 
Crosslinking monomers, such as ethylene glycol dimethacrylate. may also be included, as well as alkyl acrylate 
and hydrophilic monomers such as 2-hydroxyethyl methacrylate. 

U S Patent 4 540 761 describes an oxygen-permeable hard contact lens in which the physical properties are 
improved by the inclusion of 30-50 percent of an alkyl acrylate or methacrylate. The remaining monomers 
comprise certain sOoxane acrylates or methacrylates. certain fluoroalkyl acrylates or methacrylates. acrylic or 
methacrylic acid, and a crosslinking agent selected from certain glycol diacrylates or dimethacrylates and 
trimethyiolpropane triacrylate or trimethacrylate. ^ 

U S Patent 4 153 641 discloses oxygen-permeable contact lenses compnsmg cross-linked polymenzates 
of poiy(organosiloxanes) alpha, omega terminally bonded through a divalent hydrocarbon group to a 
polymerized, activated unsaturated group. » o oHa , 

The hard contact lenses described in copending, commonly-assigned U.S. Patent Application senai 
Nos 734898 and 764.421 cited above provide high oxygen permeability required for continuous wear and 
improved' physical properties when compared to those of previously known highly oxygen-permeable lenses 
composed largely of organosilicon monomers in the absence of fluoroalkyl monomers. However, sucn 
polymers still show a strong tendency to chip, break and stress craze during machining to produce contact 
lenses and during subsequent handling and use of the lenses. U.S. 4.540.761 describes an attempt to 
overcome the mechanical deficiencies of organosilicon-fluoroalkyl copolymer compositions by the addition or 
large (30-50 percent) amounts of alkyl acrylates or methacrylates. but such addition leads to a corresponding 
loss of the very high oxygen permeability required for continuous wear. By contrast, the crosstinkea 
copolymer compositions of the present invention maintain very high oxygen permeability, while providing 
major improvements in mechanical properties as measured by tensile strength, percent elongation and 
toughness, resulting in elimination of chipping, breaking and stress crazing during manufacture and 
subsequent handling and use of the lenses. 

Summary of the Invention thJ 
In accordance with the invention, there are provided highly oxygen-permeable contact lenses of greatly 
improved mechanical properties, suitable for the forming and machining operations necessary for 
manufacture, and showing durability in subsequent handling and wear. The contact lenses of the invention are 
formed from the polymerization product of: 

(a) at least one fluoroorgano monomer having the formula (I) : 



R, O 

I I 



ch, - c- c- o- y 



(i) 



wherein Ri is a hydrogen atom or a methyl group and Y is a fluorocarbon group having about 2 to about 10 
carbon atoms and about 3 to about 21 fluorine atoms ; 
(b) at least one siloxyl alkyl ester having the formula (II): 
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wherein Ri is as described above, each Ra is independently selected from the group consisting of methyl 
and phenyl groups, and a is 1 , 3 or 4; 
(c) a member of the group consisting of: 

(i) at least one poly(organosiloxane) monomer having the formula (III): 
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A - R 3 - Si 
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0 - Si - R 3 - A 



45 



SO 



b 

wherein A is an activated unsaturated group, R3 is a divalent hydrocarbon radical having from 1 to 22 
carbon atoms, each R4 and R5 is independently selected from the group consisting of a monovalent 
hydrocarbon radical or a halogen-substituted monovalent hydrocarbon radical having 1-12 carbon 
atoms, and b is O or greater, and 

(ii) mixtures of said poly(organosiloxane) monomers, and at least one optional crosslinking 
monomer having the formula (IV): 
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Ri O 0 R x (IV) 



II 

CH 2 - C - C - O - R fi - 0 - C - C - CH 2 

wherein Ri is as defined above and Re is a divalent hydrocarbon radical having 2-12 carbon atoms; 
and 

10 (d) at least one hydrophilic monomer. 

The monomer percentage by weight of the total monomers present ranges from about 30 to about 80 weight 
percent preferably about 40 to about 70 weight percent for Class (a); from about 15 to about 50 weight 
percent' preferably about 20 to about 40 weight percent for Class (b) ; from about 4 to about 20 weight percent, 
preferably about 7 to about 15 weight percent for Class (c); and from about 1 to about 15 weight percent 
15 preferably about 2 to about 10 weight percent for Class (d). The oxygen permeability, measured as described 
below, should preferably by greater than 50. 
Highly preferred contact lenses of this invention are formed from the polymenzatton product of: (a) 
hexafluoroisopropyl methacrylate, 

(b)tris(trimethylsiloxy)silylpFopylmethacrylate, 

20 c) at least one poly(organosiloxane) monomer having the formula (III) descnbed above wherein A is 

methacryloxy. Ra is tetramethylene. each R 4 and Rs is a methyl group, and b is an integer from about 10 to 
about 50. and 

In a distJnct^pStof 3 this highly preferred embodiment, neopentyl glycol dimethacryfate is added as an 
25 additional crosslinker. 

DETAILED DESCRIPTIO N OF THE INVENTION 

In the compound (I). Ri is pref erably a methyl group and Y is preferably a fluorocarbon group having about 2 
to about 4 carbon atoms. As the number of carbon atoms in Y increases, the hardness of the resulting 
30 polymerization product decreases. This tendency toward decreased hardness may be compensate d by 
employing increased amounts of neopentyl glycol dimethacrylate in the polymerization ™*" re ^spe«^ 
preferred compounds of formula (I) are hexafluoroisopropyl methacrylate and tnfluoroethyl methacrylate. 
Particularly preferred is 1.1.1.3.3,3-hexafluoroisopropyl methacrylate. , kI , „ 4 r> , rt ^ lllarh/ 

In the compound (II), Ri and each R 2 are preferably methyl groups and a is preferably 3 or 4. A particularly 
35 preferred compound of formula (II) is tris(trimethylsiloxy)silylpropyl methacrylate. at ,, ntart 
With respect to compounds of formula (III), the term 'activated unsaturated group means an unsaturated 
orouo which has a substjtuent which facilitates free radical polymerization. In the compound (IM). A is 
preferably selected from the group consisting of methacryloxy. acryloxy. acrylamido and styryl. and more 
preferably is either methacryloxy or acryloxy. Methacryloxy radicals are particularly preferred. R 3 is P^ferably 
40 an alkylene radical, more preferably an alkylene radical having 1 . 3 or 4 carbon atoms, especially 3 or 4 carbon 
Txo^Z <£d Rs are preferably alky., cycioalkyl. aryl, aralkyl. alkaryl. haloaryl. or hatoaW radicals having 
from 1 to 12 carbon atoms. Of the halogen-substituted radicals, fluoro-substituted. lower alkyl radicals having 
up to about 4 carbon atoms are preferred. Most preferably. R* and R 5 are methyl radicals Subscript b ,s 
preferably from about 0 to about 50, more preferably from about 10 to about 30. Preparation of compounds of 
45 formula (III) is described in U.S. Patent 4,153.641. An „ lant 
In the compound (IV). Ri is preferably a methyl group and R 6 is preferably a b «^f^^2 
hvdrocarbon radical, especially a radical having about 2 to about 10 carbon atoms. Neopentylglycol 
dimethacrylate is particularly preferred, although other compounds such as ethylene grycol dimethacry late are 
within the broader scope of this invention. Polyglycol dimethacrylates such as diethytene glycol dimethacrylate 
50 and Methylene glycol dimethacrylate are avoided because they tend to soften the polymerization produc and 
ToxVgen permeability. When grycol di(meth)acrylates of formula (IV) are employed in the P?Y™<**™ 
mixture, the weight ratio of poly(organosiloxane) monomer (III) to glycol di(meth) acryiate is preferably about 
05-1.5:1. more preferably about 1:1. «f 
Hydrophilic monomers are included in the polymerization product of this invention to enhance wettab.hty or 
contact lenses manufactured therefrom. Examples of suitable monomers are unsaturated carboxylic acds 
(eg methacrylic and acrylic acids), acrylic substituted alcohols (e.g.. 2-hydroxyethyl methacrylate and 
2-hydroxyethyl acryiate). vinyl dibasic acids (e.g.. itaconic and maleic acids), vinyl lactams (e.g.. N-v.nj 
pyrroSe). and aTrylamides (e.g.. dimethyl acrylamide). Unsaturated carboxylic acids (esp. methacrylic acid) 

are preferred hydrophilic monomers. . . 

In addition to the monomers described above, the copolymer composition of this invention may a so include 
such additional material as the colorants known in the contact lens art. or UV-absorb.ng agents. 
• Polymerization may be carried out using conventional procedures, such as by using heat or radiation 
treatment of a homogeneous mixture of the monomers held in sheet form between layers of a non-adherent 
material such as Teflon. Radiation treatment may include treatment with ionizing ultraviolet, or infrared 
65 radiation Free radical polymerization initiators such as peroxides, azos. or percarbonates are preferably 
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employed, in a concentration range of about 0.01 to 1 percent by weight of the total monomer mixture. 

The shaping of the copolymer into contact lenses can be done by usual methods. For instance, 
polymerization may be conducted in a mold corresponding to a shape of a contact lens to give a copolymer 
having a contact lens shape directly. The thus-obtained contact lens may be further subjected to a mechanical 
finishing, as occasion demands. Also, the polymerization may be conducted in an appropriate mold or vessel 
to give a lens material in the form of button, plate or rod, and the lens material may then be subjected to the 
usual mechanical processing (e.g., cutting or polishing) to give a contact lens having the desired shape. 

The following examples are illustrative only and should not be construed as limiting the invention. All 
percentages referred to herein are on a weight percent basis. 

Comparative Examples A-B and Examples 1-4 

The monomers for each of Comparative Examples A-B and Examples 1 -4 were formulated as shown in Table 
I below. To the mixture of monomers was added 0.07 percent by weight of the polymerization initiator 
2.5-dimethyl-2 ( 5-bis(2-ethyl-hexanoylperoxy)hexane. The mixture was homogenized, degassed and placed in 
a polymerization cell consisting of two Teflon-coated plates separated by an elastomer gasket and held by 
binder clips. After filling, the cell was purged with nitrogen, sealed and placed in an oven. The heating cycle 
consisted of 4 hours at 70° C followed by 3 hours at80°Cand 1 hour at 110°C. The resulting transparent sheet 
was then further heated for one hour at 120°C. After cooling, the plastic sheet was cut into buttons which were 
shaped into corneal contact lenses using conventional contact lens machining procedures. 

The monomers of the examples tabulated in Table I are Identified as follows: 

HFIPMa 1,1,1,3,3,3-Hexafluoroisopropyf methacrylate 

Maa Methacrylic acid 

TRIS Tris(trimethylsfloxy)silyfpropyl methacrylate 
MMa Methyl methacrylate 



CH 2 «C 
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- C-0-(CH,).-Si-0 
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CH, 
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Si-0 



CH. 



CH. 



O CH, 

I I 
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Si-(CHO 4 -0-C- C«CH, 

I 

CH. 



M2D50 M2Dn, n~50 

M2D25 M2Dn, n«25 

M2D10 M2Dn. n-10 

NPGMa Neopentylglycol dimethacrylate 
The resulting oxygen permeability and mechanical properties are listed in Table II. Oxygen permeability 
Dk{cm 3 oxygen at STP/s) (cm/cm 2 x mmHg), was determined by the polarographic method of Fatt, 
International Contact Lens Clinic II, No. 3, March, 1984, pp. 175-183, and corrected for sample edge effects. 
The determinations were made at 3S°C. Tensile strength (g/mm 2 ), modulus (g/mm 2 ) and percent elongation 
were measured according to the procedure of ASTM D-1708, Rockwell hardness by ASTM 0-785, and Shore 
hardness by ASTM 0-2240. Toughness (g-cm) was determined by doubling the area under the stress/strain 
curve. 

The results listed in Table II show that the high level of oxygen permeability characteristic to the Comparative 
Example A, having a polymer composition as described by Stoyan, U.S. Serial No. 734,898, were retained or 
even exceeded by the Examples 1-4 of the invention. Comparative Example B, in which 5 percent of the 
polymer consisted of methyl methacrylate, a conventional component of hard contact lenses, showed a 
decrease in oxygen permeability and little if any significant improvement in physical properties. However, the 
Examples 1-4 of the invention showed major increases in tensile strength, percent elongation, and toughness. 
Modulus values were retained or increased, while Shore and Rockwell hardness were not significantly 
reduced. The lenses of both comparative examples showed a strong tendency to chip, break and stress crazfe 
during machining of the contact lenses and during subsequent handling and use. The improvements in 
physical properties as measured for the polymer examples of the invention resulted in elimination of these 
defects under the same conditions of machining and handling as used for the comparative examples. The 
copolymers of the invention were thus rendered fully suitable for the manufacture of contact lenses and their 
subsequent use, without impairing the high levels of oxygen permeability permitting prolonged wear. 
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TABLE II PHYSICAL PSO?Z?.T"; 
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Example 5 

The procedure of Example 2 was repeated except trifluoroethyl methacrylate was substituted for the 
hexafluoroisopropyt methacrylate used in Example 2. Contact lenses produced from the resulting 
polymerization product had the following properties: DK of 50 x 10- 11 , tensile strength of 2.5 x 10- 3 , modulus 
of 80 x 10- 3 ( °/o elongation of 5.5, Rockwell hardness of 114, and toughness of 13.8. 
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1. A polymerization product of: 

(a) about 30 to about 80 weight o/o of at least one fluoroorgano monomer having the formula 

R x O 



ii 



CH 2 «C-C-0-Y 

wherein Ri is a hydrogen atom or a methyl group and Y is a fluorocarbon group having about 2 to 
about 10 carbon atoms and about 3 to about 21 fluorine atoms; 
(b) about 1 5 to about 50 weight % of at least one siloxyl alkyl ester having the formula 
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wherein Ri is as described above, each R2 is independently selected from the group consisting of 
methyl and phenyl groups, and a is 1, 3 or 4; 

(c) about 4 to about 20 weight % of a member of the group consisting of: 
(i) at feast one pofy(organosiloxane) monomer having the formula 




25 



30 
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wherein A is an activated unsaturated group, R3 is a divalent hydrocarbon radical having from 1 to 22 
carbon atoms, each R« and R5 is independently selected from the group consisting of a monovalent 
hydrocarbon radical or a halogen-substituted monovalent hydrocarbon radical having 1-12 carbon 
atoms, and b is 0 or greater, and 

(ii) mixtures of said pofy(organosiloxane) monomers and at least one optional crosslinking monomer 
having the formula 



45 



CH^ -C-C-O-R^-O^C-C-CH, 



so 



wherein R1 is as defined above and Re is a divalent hydrocarbon radical having 2-12 carbon atoms; 55 
and 

(d) about 1 to about 15 weight 0/0 of at least one hydrophilic monomer. 

2. The product of Claim 1 wherein each R2 is methyl. 

3. The product of Claim 2 wherein A is selected from the group consisting of methacryloxy and acryloxy. 

4. The product of Claim 3 wherein R3 is a linear, divalent hydrocarbon radical having 3 or 4 carbon 60 
atoms. 

5. The product Claim 2 wherein each R4 and R$ is a methyl radical. 

6. The product of Claim 4 wherein each R4 and Rs is a methyl radical. 

7. The product of Claim 2 wherein R4 and Rs is selected from the group consisting of methyl and 
fluoromethyl radicals. $5 



8. The product of Claim 2 wherein b is about 10 to about 30. 

9. The product of Claim 1 wherein said fluoroorgano monomer is selected from the group consisting of 
hexafluoroisopropyf methacrylate and trifluoroethyi methacrylate. 

10. The product of Claim 6 wherein said fluoroorgano monomer is 1,1J,3.3,3-hexafluoroisopropyl 
methacrylate. 

1 1 . The product of Claim 10 wherein each Ri is methyl. 

12. The product of Claim 2 wherein said optional crosslinking monomer is neopentyl glycol 
dimethacrylate. 

13. The product of Claim 2 wherein said hydrophillc monomer is methacryiic acid. 

14. The product of Claim 1 formed by polymerizing about 40 to about 70 weight o/o of monomer (a), about 
20 to about 40 weight <Vb of monomer (b). about 7 to about 15 weight <W> of monomer (c). and about 2 to 
about 10 weight Wo of monomer (d). 

1 5. A contact lens made of a copolymer comprising 

(a) about 30 to about 80 weight Wo of at least one fluoroorgano monomer having the formula 




wherein Ri is a hydrogen atom or a methyl group and Y is a fluorocarbon group having about 2 to 
about 10 carbon atoms and about 3 to about 21 fluorine atoms; 
(b) about 15 to about 50 weight Wo of at least one siloxyi aikyt ester having the formula 

R 2 



R 2 -Si - R 2 



I 



R 2 O 0 R x 



I 



R, - Si *- O - Si - (CH,) a - O - C - C « CH 

| l 



R 2 -Si - R 2 



R 2 



wherein Ri is as described above, each R 2 is independently selected from the group consisting of 
methyl and phenyl groups, and a is 1 , 3 or 4; 

(c) about 4 to about 20 weight Wo of a member of the group consisting of: 
(i) at least one poly(organosiloxane) monomer having the formula 
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A - R 3 - Si 



O Si 



0 Si - R 3 - A 
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wherein A is an activated unsaturated group, R3 is a divalent hydrocarbon radical having from 1 to 22 
carbon atoms, each R4 and Rs is independently selected from the group consisting of a monovalent 
hydrocarbon radical or a halogen -substituted monovalent hydrocarbon radical having 1-12 carbon 
atoms, and b is 0 or greater, and 

(ii) mixtures of said poly(organosiloxane) monomers and at least one optional crosslinking monomer 
having the formula 



15 



20 



R, 0 
I II 



O R, 



II 



CH 2 -C-C-O-Rg-O-C-C- CH 2 

wherein Ri Is as defined above and Re is a divalent hydrocarbon radical having 2-12 carbon atoms; 
and 

(d) about 1 to about 15 weight 0/0 of at least one hydrophilic monomer. 
16. The contact lens of Claim 15 is wherein said fluoroorgano monomer is hexafluoroisopropyl 
methacrylate, said siioxyl alkyl ester is tris(trimethylsiloxy)-silylpropyl methacryiate, A is methacryloxy, R3 
is tetramethylene, each R4 and R5 is a methyl group, b is an integer from about 10 to about 50, said 
optional crosslinking monomer is neopentyi glycol dimethacrylate, and said hydrophilic monomer is 
methacryiic acid. 

*7. The contact lens of Claim 16 wherein element (c) is a mixture of said poly(organosiloxane) monomer 
and neopentyi glycol dimethacrylate and the weight ratio of poly(organosiloxane) monomer: neopentyi 
glycol dimethacrylate is within the range from about 0.5:1 to about 1.5:1. 
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